Background-Activation of emergency medical services (EMS) is critical for the early triage and treatment of patients experiencing ST-segment-elevation myocardial infarction, yet data regarding EMS use and its association with subsequent clinical care are limited. Methods and Results-We performed an observational analysis of 37 634 ST-segment-elevation myocardial infarction patients treated at 372 US hospitals participating in the National Cardiovascular Data Registry Acute Coronary Treatment and Intervention Outcomes Network Registry-Get With the Guidelines between January 2007 and September 2009, and examined independent patient factors associated with EMS transportation versus patient self-transportation. We found that EMS transport was used in only 60% of ST-segment-elevation myocardial infarction patients. Older patients, those living farther from the hospital, and those with hemodynamic compromise were more likely to use EMS transport. In contrast, race, income, and education level did not appear to be associated with the mode of transport. 
arly diagnosis and consequent treatment of acute myocardial infarction (MI) is associated with improved clinical outcomes. This is particularly relevant for patients with ST-segment-elevation MI (STEMI) in whom early reperfusion is associated with decreased morbidity and mortality. 1, 2 Care processes to expedite emergency treatment of acute MI patients after presentation to the hospital have been well defined. 1, 3 In recent years, the adoption of these care processes has led to significant reductions in the time from hospital door arrival to reperfusion. 1, 2, 4, 5 
Clinical Perspective on p 163
Yet, if the overall goal is to reduce the delay from symptom onset to treatment, then the scope of STEMI care must be broadened to include prehospital care. 3 The American Heart Association's Mission: Lifeline initiative aims to increase the number of patients with timely access to reperfusion by addressing the continuum of care for STEMI, beginning with patient recognition of symptoms (http://www.heart.org). Emergency medical services (EMS) activation is critical not only for rapid transport to the hospital, but also to provide the opportunity for early assessment and treatment, as well as activities such as evaluation of hemodynamic stability, prehospital medical stabilization, prehospital ECG in certain areas, and expedited communication with the accepting hospital. Despite community educational efforts, studies from the 1990s found that a significant proportion of STEMI patients failed to use EMS. 6, 7 The National Cardiovascular Data Registry (NCDR) Acute Coronary Treatment and Intervention Outcomes Network Registry-Get With the Guidelines (ACTION Registry-GWTG) offers a unique opportunity to examine contemporary patterns of EMS use nationwide and to probe some of the sociodemographic and clinical factors that contribute to a patient's decision to use EMS. Therefore, the objectives for this study were to describe the prevalence of EMS transport compared with self-transport to the emergency department, to determine factors independently associated with an STEMI patient's mode of transport, and to compare differences in treatment times between STEMI patients transported via EMS and those who were self-transported.
Methods

Study Population
The NCDR ACTION Registry-GWTG is an ongoing quality improvement registry of consecutive patients with acute MI who are treated at participating centers across the United States. The registry is an initiative of the American College of Cardiology Foundation and the AHA, with partnering support from the Society of Chest Pain Centers, Society of Hospital Medicine, and American College of Emergency Physicians. Inclusion and exclusion criteria, data collection, and variables have been described previously. 8 The individual institutional review board of each reporting hospital approved participation in ACTION Registry-GWTG. All data were abstracted retrospectively and anonymously; therefore, informed consent was not required.
All patients admitted with STEMI who reported to the ACTION Registry-GWTG from January 1, 2007, to September 30, 2009 were included in the initial study population (Figure 1) . A diagnosis of STEMI was defined as persistent ST-segment elevation Ն1 mm in Ն2 contiguous ECG leads or an STEMI equivalent such as new or presumed new left bundle-branch block or an isolated posterior MI. For this analysis, we excluded patients with missing mode of transportation (nϭ970). We also excluded patients who were transferred into an NCDR ACTION Registry-GWTG hospital from another acute care hospital (nϭ19 258) because the processes of care are inherently different in patients who require transfer between facilities for reperfusion.
Study Variables and Definitions
Participating hospitals collected detailed information on baseline demographic and clinical characteristics, processes of care, and in-hospital outcomes using a standardized set of data elements and definitions. 9 Patient data were captured retrospectively via chart review and entered by sites into a Web-based data collection form. Data were screened on entry; only those meeting predetermined criteria for completeness and accuracy could be entered into the database. Each quarter, sites received a report summarizing any observed data quality issues, thus iteratively improving the overall quality of the database.
On the data collection form, EMS transport was defined as transportation to the hospital by ambulance, mobile intensive care unit, or air transportation. Self-transport was defined as any mode of Figure 1 . Population flow diagram. Initial study population is broken down (after exclusions) into an overall study population and then further divided into cohort of patients with ZIP code data available. GWTG indicates Get With the Guidelines; STEMI, ST-segment-elevation myocardial infarction; and EMS, emergency medical services.
transportation that did not involve EMS services; self-transported patients took taxis or public transportation, drove themselves, were driven by others, or walked to the hospital. All other variables have been previously described. 8 
Statistical Methods
The study population was categorized according to their primary mode of transport (EMS or self-transport) to the presenting hospital. Patient characteristics and outcomes in each group were described using frequencies and percentages for categorical variables and median (with 25th and 75th percentiles) for continuous variables. Baseline characteristics of patients in the 2 groups were compared by use of SDs. Missing data were rare (Ͻ4.25%). In multivariable modeling, missing values of the continuous variables were imputed to the median value, and missing values of the categorical variables were imputed to their most common value.
Generalized estimating equations logistic regression modeling with adjustment for within-hospital clustering was used to determine factors associated with the decision to use EMS transport. Patientlevel covariates examined in this model included age, sex, race, Hispanic ethnicity, insurance status, history of heart failure, MI, stroke, coronary artery bypass grafting surgery, percutaneous coronary intervention, hypertension, diabetes mellitus, chronic lung disease, atrial fibrillation or flutter, peripheral artery disease, requirement for hemodialysis, body mass index, systolic blood pressure, heart rate, heart failure on presentation, shock, dyslipidemia, and time of presentation (ie, working hours, off hours). The ACTION mortality risk score, previously developed and validated in this data set as a risk prediction tool, was used to compare overall risk balance between the 2 groups. 10 The generalized estimating equation method was implemented with a compound symmetrical working correlation matrix and empirical (sandwich) SE estimates. Additional sociodemographic and hospital-level variables, such as distance from patient home to hospital, urban versus rural residence, educational level, income level, and hospital region, may play a role in patient selection of transport mode, but are not typically captured in large registry databases. Version 2 of the ACTION Registry-GWTG data collection form (implemented in July 2008) started collecting patient ZIP code information. Therefore, as a second step, we included only version 2 patients entered between July 2008 and September 2009 for whom patient ZIP code information was collected, excluding patients with missing ZIP code information (nϭ308). The distance from a patient's home was determined from the geographic distance between the patient's and hospital's ZIP codes. Additional socioeconomic variables were extrapolated from US Census data using patient ZIP codes linked to Federal Information Processing Standard county and state codes. These variables were added as additional covariates to the generalized estimating equation model described above. Patient characteristics were similar between those with ZIP code information and the overall cohort (see the Appendix in the online-only Data Supplement). We then compared time delay from symptom onset to hospital arrival, as well as time delay from arrival to reperfusion, according to travel distance stratified by tertiles.
Generalized estimating equations logistic regression modeling was also used to examine the association between mode of transport and key reperfusion metrics, including rate of reperfusion use, door-to-first-ECG time within 10 minutes, and door-to-balloon time within 90 minutes, and symptom-onset-to-arrival time within 120 minutes. Adjustment variables in these models included those baseline characteristics found to be significantly different (PϽ0.05) between the EMS and self-transport groups. All analyses were performed with SAS version 9.2 (SAS Institute, Cary, NC).
Results
Baseline Characteristics
Among 37 634 STEMI patients, 22 585 (60.0%) activated EMS for transport to the hospital. Patients who used EMS were more frequently older and women; those who selftransported were more likely to be Hispanic (Table 1) . Patients who used EMS transport were more likely to have comorbid conditions such as a prior history of MI, percutaneous coronary intervention, heart failure, or stroke. Although the severity of anginal symptoms was not captured, EMS-transported patients were often sicker on presentation than self-transported patients, with a higher incidence of cardiogenic shock (8.9% versus 2.7%) and signs of heart failure (14.0% versus 8.3%). We also noted that, on average, those who used EMS lived farther from the hospital than those who self-transported (median distance, 6.9 versus 5.5 miles); however, there was no distinction in urban versus rural patient origination (Table 1) . Among patients who activated EMS, 43% also received an ECG for diagnosis before hospital arrival.
Independent Factors Associated With Emergency Medical Services Use
After multivariable adjustment, baseline sociodemographic and clinical factors independently associated with the decision to use EMS versus self-transport are presented in Table  2 . Age was the strongest sociodemographic variable associated with EMS use, with older STEMI patients being more likely to activate EMS than younger patients. Male patients were less likely to activate EMS. Although Hispanic ethnicity was associated with less EMS use, the association with race was not as strong. Those with private insurance were least likely to use EMS compared with patients with governmentfunded or no insurance. Clinical signs and symptoms of hemodynamic instability (ie, heart failure or low blood pressure) were the strongest clinical variables associated with EMS use. Table 3 presents the model that incorporates the additional sociodemographic variables derived from patient home ZIP code data. Greater geographic distance from home to hospital was shown to be the second strongest factor associated with use of EMS services. Patients who lived Ͼ10 miles from their presenting hospital had a 64% greater odds of using EMS than those living within 4 miles. Neighborhood education and income levels were not significantly associated with mode of transport.
Differences in Time to Care Between Emergency Medical Services Transport and Self-Transport
When process-of-care measures were compared between groups, self-transported patients experienced longer delays to care compared with their EMS-transported counterparts (Table 4). Those patients who used EMS arrived at the hospital Ͼ30 minutes sooner after symptom onset than those who self-transported (120 versus 89 minutes; PϽ0.001). After multivariable adjustment, self-transported patients remained significantly less likely to arrive within 120 minutes of symptom onset (odds ratio, 0.55; 95% confidence interval, 0.50 to 0.60; PϽ0.001).
Despite the younger age and fewer clinical comorbidities in the self-transported group, the rate of contraindication to reperfusion was similar to that in the EMS-transported group (15.7% versus 15.1%). Compared with EMS-transported patients, those who were self-transported were more likely to 
0001).
Compared with EMS-transported patients, self-transported patients also experienced greater delays to in-hospital care with longer time to first ECG, longer time to first balloon inflation, and longer time to fibrinolytic administration (Table   4 ). After multivariable adjustment, self-transported patients remained significantly less likely to receive an initial ECG within 10 minutes of arrival (odds ratio, 0.52; 95% confidence interval, 0.46 to 0.59; PϽ0.001) or to undergo primary percutaneous coronary intervention within 90 minutes of arrival (odds ratio, 0.43; 95% confidence interval, 0.37 to 0.50; PϽ0.001). As shown in Figure 2A and 2B, EMS activation consistently shortened and reduced the variance of presentation time delays and door-to-balloon times regardless of the distance traveled.
Discussion
Although EMS activation is recommended as a key component in the chain of survival for STEMI patients, 11 up to 40% of contemporary STEMI patients still self-transport to the hospital for MI care. Patients who did not use EMS were likely to be younger, men, Hispanic, and live closer to proximity to the hospital. Compared with those who used EMS, self-transported patients had significantly longer delays to hospital presentation after symptom onset and experienced significant delays to STEMI care and reperfusion.
Underuse of Emergency Medical Services Transport
Our study finds a persistent underuse of EMS transport among a contemporary cohort of STEMI patients in the ACTION Registry-GWTG, with rates comparable to those found in a survey of the National Registry of Myocardial Infarction conducted several years ago. 7 Canto et al 7 noted an EMS use rate of only 53.4% among acute MI patients throughout the mid to late 1990s. The reasons for the persistence of this finding are not entirely clear, but cost, fear of false alarm, reluctance to bother or burden the medical community, lack of EMS benefit awareness, and other psychosocial factors, such as lack of trust in others have been implicated. 12, 13 In contrast to the National Registry of Myocardial Infarction survey 7 and other previous work, 14, 15 race was no longer a significant factor implicated in the decision regarding mode of transport in our contemporary population; however, patients of younger age, male sex, and Hispanic ethnicity persistently underuse EMS and therefore should remain targets of community education campaigns. 7 Interestingly, we found that education level was not a major predictor of mode of transport, and in contrast to prior studies, 16 we found that rural residence was also not a major predictor. However, those patients with private insurance used EMS less frequently than those with Medicare, Medicaid, or even selfinsurance or no insurance. Insurance status may be an imprecise surrogate for measuring economic hardship in that the financial liability associated with EMS use varies substantially across plans and geographic regions. In areas without a publicly funded EMS, charges can range from $390 to $900 for ambulance transport. 17 
Impact on Process of Care Measures
Compared with self-transport, EMS use was associated with at least a 30-minute reduction in the delay from symptom onset to presentation. Although patients who live in close proximity to the hospital may believe self-transportation is faster, 18 our results show that EMS use is associated with shorter delays to hospital arrival regardless of geographic distance from the hospital. If one considers that initial antiischemic treatment is often delivered by EMS, then EMS use would certainly lead to shorter delays to medical contact and treatment. 19, 20 The magnitude of our findings is even more striking when they are considered in the context of the impact made by recent national campaigns to improve STEMI systems of care (eg, the Door-to-Balloon campaign was associated with a 14-minute reduction in door-to-balloon times). 21 Furthermore, use of EMS transport was associated with expedited in-hospital STEMI care. Compared with self-transported patients, the triage process is likely more efficient, resulting in earlier ECG evaluation and delivery of reperfusion for patients brought in by EMS. The availability of prehospital ECGs further enhances the triage efficiency and timeliness of reperfusion for patients transported by EMS. In an earlier analysis of the ACTION Registry, 22 27% of patients transported by EMS received prehospital ECGs. The use of prehospital ECGs was associated with significantly shorter door-to-needle and door-toballoon times (19 versus 29 minutes, Pϭ0.003; and 61 versus 75 minutes, PϽ0.0001, respectively). As demonstrated in our study, the increased use of prehospital ECGs may further enhance the benefit of EMS use. The routine integration of prehospital ECGs into contemporary system-wide STEMI care protocols has been associated with reduced door-toballoon times. 23, 24 Therefore, measures to improve EMS use, along with perhaps more ubiquitous use of prehospital ECGs, have the potential to reduce ischemic time substantially, thereby maximizing the potential for myocardial salvage after reperfusion. 5 
Need for Targeted Community Education
Community-level interventions that have targeted improving the use of EMS have yielded mixed results. [25] [26] [27] [28] [29] In the randomized Rapid Early Action for Coronary Treatment (REACT) Trial, Luepker et al 28 found that a community intervention to increase patient recognition of and action on MI symptoms increased EMS use by 20% but did not significantly shorten the delay from symptom onset to hospital arrival. Conversely, Blohm et al 25 observed a reduction in presentation delay of Ϸ40 minutes that was associated with public media campaigns. However, this reduction in presentation delay was without any increase in EMS use rates. Such intensive community-wide media campaigns are often initially effective, but the effect seems to taper quickly over time. 29, 30 This may explain, in part, the low EMS use rate that has persisted over the last decade.
In March 2007, the AHA launched Mission: Lifeline, which is a national community-based patient-centric initiative designed to advance systems of care for STEMI patients, targeting the entire continuum of STEMI care from symptom onset to in-hospital reperfusion. 25 Mission: Lifeline identifies patient education and awareness as a critical and challenging area to address. In this regard, efforts not only have been directed toward patient and bystander recognition of ischemic symptoms but also have emphasized both the urgency and benefit of EMS activation. In addition to these patient education efforts, future healthcare reform initiatives that may help reduce this particular barrier to EMS use should include provisions for EMS coverage for patients with symptoms concerning for ischemic coronary artery disease.
Limitations
Some limitations in our study should be acknowledged. First, although observational data are key to examining patterns of resource use and the association between EMS use and care rendered is adjusted for numerous patient differences between groups, residual unmeasured confounding or bias in these observational data is possible. Second, information on patient income and educational level was available on only approximately half of our sample and was extrapolated from Census data. Although this methodology is commonly used, 31, 32 this aggregate community measure may not accurately reflect these factors on an individual level. Third, the ZIP code-derived distance to the hospital is a calculation of geographic distance and does not take into account local transportation infrastructure (eg, roads and highways); therefore, the ZIP code-derived distance may not accurately reflect the actual distance an individual patient may have to travel. Finally, patient factors such as denial, awareness of available resources, individual thresholds for seeking medical attention, and the potential embarrassment of false alarms 18, 33 were not collected but may influence the decision to utilize EMS.
Conclusions
Emergency medical services transport to the hospital remains underused among contemporary STEMI patients and is associated with substantial delays in presentation and treatment. Our findings indicate that policy interventions to increase EMS use have the potential to decrease total ischemic time substantially both by reducing delays to hospital presentation and by expediting in-hospital care. We believe that comprehensive changes in the structure of care are needed, as demonstrated by Mission: Lifeline's "STEMI chain of survival." The challenge moving forward is to broaden this benefit to larger audiences, particularly to sociodemographic groups known to underuse EMS. These education efforts should be integrated with system-wide strategies and initiatives to improve the timeliness of reperfusion therapy for STEMI patients.
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